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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
method for forming an organosilicate layer. 
SOLUTION: The organosilicate layer is formed 
by applying electric field to a gaseous mixture 
containing an organosilane compound and an 
oxygen- containing gas. The organosilicate layer 
can be applied to an integrated circuit 
production process. In one integrated circuit 
production process, the organosilicate layer is 
used as an intermetallic dielectric layer. In 
another integrated circuit production process, 
the organosilicate layer is incorporated into a 
damascene structure. 
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[§f** i ] fiws-efcot, 

MIEiiS^ (d^^a^!»S:**&i- -5 ^ t y :/-e*> 
fltrlE^^yyt, 

a^Md* *TU a«, 1 - 2 O&HOJM T*£> 19 * b 
It, 1 - 1 0<Dffl<DmMX*h9 s cfi, 6^3 0(DB<D 
Bit^!9> dfi, 0-6^M^«5ffl-Cfc6s'»*«l 

[ff ** 3 ] mrsaavvtfy >7 Wfc*»#/ ^ fvwi/ 

7> (SiCH 6 ) x ^f/k>7^ (SiC 2 H 8 ) * h D ^ f- 
^i/^>- (SiC 3 Hi 0 ) * Th7^f/^>7^ (SiC 
4 Hi 2 ) , * h*isi/y> (SiCH 6 0) , V* 
>isy> (SiC 4 H 12 0 2 ) , ^xf^x^^r/ (S 
iC 8 Hi 8 0 2 ) x ^f;k^xK^>i/7y (SiC 6 H 
I6O2) n v^fvVvM h^i/i/y^ (SiC 6 H 16 0 2 ) , ^ 
(Si 2 C 6 Hi 8 0) % fc'* (*fvw 
->7/) (Si 2 C 3 Hi 2 ) , 1,2-t** (j<*71^? 

y) (si 2 c 4 H 14 ) Rxfznb^m^, £9ft5 

[ft** 4] flHE»SI***#***s -Kftsra* (N 2 
0) , mm (o 2 ) % t/y (o 3 ) , (co) x 

-wutfcm (coo) Rifrttfe^ia**, j: Ottawa 

[11**5] WIEitaf-^W^ + OlttlE^a^* 

K9aD*#vfciKHB«jit*, mmfc®. (rf) 

5, tf**iiSftO#8u 

[fl**6] *MERF*A#, $^)17^/cm 2 - 
ft 5 0 OVy b/ cm 2 <DmmftX'hZ>. if** 5 IE«t 

[»*«7] «ris*a^^v/<ds, fti 1 — /1 — ^ 5 

0 0 h-/^moEAfcH#SiiS, ft**lfE«t<D;£ 
&. 

[ft** 8] »!5t/^;V7W^tl?JK »50s 
c c m-ft 1 0 0 0 s c c m<0®HOffic5f T-M!E*£S^ 
^W^Cft&SftS, tt**l!5«<7>37?£o 

[If** 9] «MBS*£##*#, ft 1 0 s c cm- 
ft 1 0 0 0 s c c m<7)«SH^8fEat?«lE*i«^^ V^<{C 
{«S£Jx£, 1 SEtt<0#tt. 

l»#«i 0] ws5»*-&*^f^it»ie^^y *>7 

y{k£%0t<D)£j)K ftl : 1-ftl : 5ffe5, it** 

[ai**ii] «rfE*»^>/<as, ftsor-fts 
0 oroiWofflKlclltifSixS, !f**l!5gc(7)#£ 0 
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[it**i 2] jtet/^y i/y ft 0. 

a, fS**lfB«cO27i£ 0 

[11**14] tCTET^-zl^**^:/^ ft2 0 

o^-fts 0 o^^Bwas-eHfTSFtus, »**i3 

70 [H*515] ^ET^-A^S*^*:/^ 

(N 2 ) , *m (H 2 ) (0 2 ) J:9««tt^6 

Sift£;ft6 loa±w^«r*tf#B«f , -eJtff Six 

6. tt**i 3ia«co*fe 0 

[11**16] fflET 6 *x ft3 0 

»J:9t>«v^W©|lllj|fTSix*, »**13E«*># 
[if**l 7] Sffi±(d^-/u^y *>y $r- 

20 WIE**^ir^^^^a^*«:ttiei-5^^y^"CaE> 

ox, (nia^^a***^ ^y/^wkWiM 
wis*ia^^y^o+osfriE^^a^«^«i!is:a*D-t- 

[8***1 8] ; isy>ik&mK -»3t 

Si a C b H c 0 d ££"U att, 1 - 2 <0fi8<flfSHT-*> 9 , b 
fi, 1 -1 O<0KI<D$8BT-*>0 , cfi, 6^3O0>n£> 

30 ear-*) 9, dtt, o~6<ora<o©B-cfce N n**i 

[»*3519] WIE^/u^y ^7^«ld\ 
'>7> (SiCH 6 ) % i/t^fri/yls (SiC 2 H 8 ) % Hy> 
^/Uv/^y (SiC 3 H 10 ) > fh7^f/^>7^ (SiC 
4H12) x (SiCH 6 0) , v^>f/l/^^ h^r 

v">7> (SiC 4 Hi 2 0 2 ) , i/x. s F)\,\/3ih*c*/i/y , y (S 
iC 8 H 18 0 2 ) s i/^^;^y^Y^r"y"yy^ (SiC 6 H 
I6O2) ^ Vx-f-frV* h*i/isy> (SiC 6 Hi 6 0 2 ) , ^ 
tc^t^frVi/u^V (Si 2 C 6 Hi 8 0) \ \?X (*^Ji> 
40 isyj) (Si 2 C 3 Hi 2 ) \ 1,2-t** (>f;^>7 

j) z^?^ (si 2 c 4 H 14 ) atfrixfeoa-fr*, i9 4^ 
[«** 2 0 ] «HE»»**^^36^ -»{br mm 

(N 2 0) x (O2) , (o 3 ) , -Kfb^^ (C 

0) , (co 2 ) R wrix J: 9 ft* 

»^?>aRS4x5, M ** 1 7 I5fc^^fe 0 

[is**2 1] sfri5±ia^-vv/^*os9fE^^a^ 

•lc9ioaFixfc«HB«*3»^ SiiSm (RF) wtfc 

5, 11**1 7fE«c^^fe 0 
50 [11**2 2] ^!ERF^^in!7 7h/cm 2 
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-ft 5 0 0 Vy h/cm 2 0$SSf*)-e$>£K S*S2 1 

[11*52 3] mwm**>'<&. mi h-^is 

5 0 0 h-/^f^E^l:«^^, fl*5l7i5igc 

[11*52 4] «f!Et;^y^7W^ft^ #5)5 0 
s c c m— ft 1 0 0 0 s c c m<0f5fflO8fciS"CffifBiia 

[K*5 2 5 ] MEM******, filOsccm 
-SlOOOscc mOjSSHO«IE3t-CWE*taf-irW< 
KiflMaSftS, §f*5l 7iE«c(D^Fft 0 

[«#5 2 6] ttE»*##^^fc»E*/v^y >7 
Wfc**ifl>tt#* ftl : 1-ftl : 5tfe5, §f*5 
1 7IE«c^^fe 0 

[11*52 7] ME^tfl^ 15)5 0^5 

0 0*C©IB©MK*|»SftS, Hf*5l 7Em<0* 

[«*52 8] ifS^y HAS, jfto. 

£x ff*5i 7EfcO3jj£ 0 

[ft *5 2 9 ] WESS±l-«*SixfcfltE^^y 

51 7fS«c^^^ 0 
[§t*53 0] ttlf5T^-/l-1-5^xyy^ s ft2 0 
Ot-IU 0 Ot:<BRfl<&ffi£T-jlfTS*i*, 11*52 9 

[11*53 1] jWEr = -/ui--5^f t y^ MS 

(n 2 ) , ?m (H 2 ) 3tt^»« (Oo) «fc!9*-5»a»e> 

[»*53 2] »E7s-;ut«^f -y^, ft 3 0 

9 t»fiiM*n©m3ift$iT,s, 1**52 9Et^^ 

[S*53 3] =^lf*-^E*«*-C*>o-C, 
(ttE*«f- + V/<*c#^a^»Srilt»+-5^yy^-eJi) 

»E*ttf-^y/<©4»Oi»E^^S^»^«*fc3JD-f- 
[11*53 4] »E^ifyi/?vfls*»Ai % -jftsc 

Si a CbH c 0 d 4r *TU aft 1 - 2 cO^^fQfflTfc 9 x b 
tt, 1 — 1 OOBBoeffl-CfcO x cIS, 6 — 3 0^)RBO 
ffiHT-fctK dtt, 0-6<&Rg<Deffl"?*>*x H*53 
3E*flD3>fcT*-*Ett«*. 
[11*53 5] *E^y->7Wk*»iK 
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->7> (SiCH 6 ) , '^^7^ (SiC 2 H 8 ) x h!M 
^frx/y^s (SiC 3 Hio) x rh7^/^7y (SiC 
4H12) , > (SiCH 6 0) , S^f-Zl^* 

■»7y (SiC 4 Hf 2 0 2 ) x i?*- : f'fl'i?x.b*i'i'5> (S 
iC 8 H 18 0 2 ) x ^f/^i^^y (SiC 6 H 
I6O2) . i/sf^^^ h*i/5/7^ (SiC 6 Hi 6 0 2 ) . 
^MM^^i/o^-fl-V (Si 2 C 6 H 18 0) , t*^ 
->7y) (Si 2 C 3 H 12 ) , 1,2-fc'* 

y) zn^y (Si 2 C 4 H 14 ) Jfctf::*i&*>fc£-l!\ J: 9 ft* 
70 »a>e>»iRSft«K S*53 4E«03^tr 3 L-^E* 

[11*53 6] MEB**##*#* -ttft~SiR 

(N 2 o) N (o 2 ) , (o 3 ) x -mtstm (c 
0) , (co 2 ) awrne><o»**, £<9ft5 

U^feWRSti*. ff*53 3E«£<0=>>t'^-*Etg 

[H*53 7] ittE*a^irV/<o + oUE^^a* 
«JwRJ»DS*tfc«rE«^, B5J§)&Sfc (rf) «*-e* 
£x »*53 3E«©3^f3L-^E1*fflE*. 
^ [11*53 8] IKtBRFtA*, ft 1 !7y h/cm 2 
-ft 5 0 0 V y h/cm 2 ^|SllrtXfe5s f»*53 7 

[11*53 9] WE*«^ir^#, ftl h-^-ft 
5 0 0 h-yKOr B 1^i:«^o, lt*53 312® 

[«*«4 0] j»E^A>5^*^ ft5 0 
sec m — ft 1 0 0 0 s c c mOffiffl<&8fcaTffiE*i8f 

^ [11*54 1] MSm^^ftlOsccm 
-ft 1 0 0 0 s c c mC0|all^ffitiiXmif5iia^ j r >v< 
£«&S;h,Sx ti*53 3E*^3X^-*E«fiE 

[ff*54 2] l»E»*^*^^lltrE*/W#y 
Vik%®h<K>\ti)K ftl : 1-ftl : 5-e*>6x lt*5 
3 SEfttt^fc^-^EtSKfto 

1^*543] mm*tmT*i''<j)K ssot^s 

0 ot:^pfl(oastcjffi^*^6x ff*53 3is«c(7)3y 

^ [H*544] ffit/^;'>y^-hi^ ^0. 

1 s * p v/^ct 9 ta^a«-e«rEatE±^»*stt 

5, S*53 SBfcoa^tTa-^EMK*. 

[lt*54 5] WEStE±^«**ixfc«rEaf/^y 
i/V ir- hl*T^-/vf*^xy^^jE(c^tf x S* 
53 3fS«cD^y t 0 ^-^lSti^^ o 

[ft*54 6] iETi-zl'tS^fy^, ft2 0 
O^-ft 5 0 O'COBBWtaS-Cllfi 1 *^*, 11*54 5 

[11*54 7] »IS7--/l't5^f7^, 
^ (N 2 ) x 7km (H 2 ) ^t/i&S (0 2 ) J:>9ft*8^6 
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[H*S4 8] m&T-->\>1rZ>x : ry?tii, «30 
^tr»-*E1MiEfc. 

[§f*94 9] T^V^*W6*S^ot, 

Si a C b H c O d ^^U, afi, 1^2fc>M<0j8HT-*>!K b 

1 - 1 OOPraatftBT-frt) , ell, 6-30OPfl© 
$SHX£>9. dtt, 0-6^«ltt)5, ft*94 

isyV (SiCH 6 ) , ^^f;k>7 % / (SiC 2 H 8 ) > b V t 
f/^>7> (SiC 3 Hi 0 ) v Th7^f/^7y (SiC 
4H12) , > (SiCH 6 0) , *J*7Afi?* h^r 

'/>7> (S1C4H12O2) s i^xf-A^x. V (S 

iC 8 Hi80 2 ) , '^Wx^^>7V (SiC 6 H 
I6O2) * *J^fr*J* V*i/isy> (SiC 6 Hi 6 0 2 ) , — 
^■f^f/U^^n^fy (Si 2 C 6 Hi 8 0) , tf* 
v-yy) (Si 2 C 3 Hi 2 ) x 1,2-fc** 

y) (Si 2 C 4 H 14 ) RXfZiib(Dm^^:. XVftZ 

[»*?5 3] mek*£*t#*j&^ -iMt-B* 
(N 2 0) \ mm (o 2 ) , (o 3 ) , -Mikmm (c 

0) , -^fk^^ (co 2 ) Rxtztib<Dm&it y xvtez 
m*bmviztii % 11*94 9 lESco^fe. 

[§f*95 4] «rEit8lf- + V/<«)*<DJ|ME^^«'fr 
te£SJ*D$ftfcffiE«#j^ j^ji&gr (rf) m*>X$> 
3, !§*94 9Ett<B*fta 

[!t*9 5 5] »BRFt*#» ttl Vy h/cm 2 
"-»5 0 0!7!x h/cm 2 ?)tSBf*)X£>3, HM5 4 

[!f*95 6] i»E*l8lf--rw<36S, mi M 

5 0 0 h-/K0PflOE*JC|S#S^5, »*94 9Et 

[11*355 7] iffit/^yv'^ft^^, «5 0 
s c c m~£j 1 0 0 0 s c c m<0teffl<&88ST*ffiE*i9[ 
^-\r W<K{&?£$;ft,$, 11*9 5 6Et&O;frg: 0 
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[S*9 5 8 ] ttEK»**#*#, ft 1 0 s c c m 
1 0 0 0 s c c mOfiH^aSt^EJftfl^ir W< 

iai**5 9] mtzmmisfitfxtmtz*'\'tf; >y 

><l&mt<0tti>K »1 : 1 ~*b 1 : 5X*>6, ff*9 
5 6E«<0*6, 

[ft*96 0] UE*Wl^irW<«s, »5 0t^«l5 

oo'C^Bfl^eas^iitwstts, §t*95 6ES£^2F 

70 [ff*9 6 1] ItEt/^yi/J^-H^ tto. 

1 ^ ^ p 0 ta^a*-e«rESfi±ic**six 

-5x ft*94 9Efc?)£j£ 0 

[11*96 2] mESfi±i-JBdtsttfcWE^^y 

Vy^-ha*T = -/ul-**^ : y7'«:JEfc£fr. ft* 
94 9Ett<0*So 
[1**96 3] ltB7 = -/Ut5^fy^ ^2 0 
0t:-^5 0 O^m^HK-CSMTSixS, 11*96 2 

[11*96 4] MteT^-zU^^x^yT 6 ^, gfjf 
^ (N 2 ) > 7X^ (H 2 ) RV&m (o 2 ) J: 0 4 

5. 11*9 6 2E«W^& 0 

[S*96 5] WET^/M"**^*:/^ »30 

[l»*96 6] ^^i/V«a**«a+6*|fe-C*>o 
X x 

«rE*-OR«a±tc^;^/ C/y ^- h« 

30 ^r^t'fcoT, *>y vm^, *^ 

>sy isib&ta t t 

flttE^^-wk*jxfc^/^y *>y hg±(c|gzo 

ttEJBr^Bt«lSraLT*BS*Kfc*rlBS-r*fc»K, 
WE* - ^Kmi - Xk-f 6 ^ r y ^X-fe o T , 

|1JE*-^^m®^iiUX^y^^ h/tf7fc?g/a-rs 
#mi4«-^^ffiVNX, fffE^y^^ h/t'TS^mlEffi 
[11*9 6 7 ] ttlEJg-toBtiat/IMESlwB* 
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yyfcfJWt&tfyX (FSG) , AF 4 > B 

cb, SlfcMm* IHK*»ff:h6«)m *9fc 

fl*5 6 6E*«>*tt. 

6 9 ] tfris^/v^y 5/?yft*«*, -«ifc 

Si 8 C b H c O d «r#U a**, 1 - 2 Of^giT'fc 19 , b 
II, l-10^(B<O|51t*fc^ ctt, 6-30<^Rgo 

isyls (SiCH 6 ) , ^fy^r/ (SiC 2 H 8 ) , hy^ 
f/^>7> (SiC 3 Hi 0 ) . fh7^f^>7y (SiC 
4 Hi 2 ) , > ^v->7^ (SiCH 6 0) x v^fvWvM 

(SiC 4 Hi 2 0 2 ) > ^xf/k^xh^rV^^y (S 
iC 8 Hi 8 0 2 ) , 5>> (SiC 6 H 
160 2 ) * v?^f^v>> h^rC/v-^^ (SiC 6 H l6 0 2 ) s ^ 
*tM^rt^i/P (Si 2 C 6 Hi 8 0) % t'* (y^/u 

(Si 2 C 3 Hi 2 ) , 

y) (S10C4H14) Rtf^nfeoia**, x 94^ 

(n 2 o) % (o 2 ) * (o 3 ) > -mistm (c 
0) , -mmm (co 2 ) si/^eon^ 

[8*57 2] wiE^^»*«fc9»D*ixfcmia«ff 

t>K (RF) !i*9 6 61E4£<7);>7 

£ 0 

[11*31 7 3] M!BRF*A#, »l!7s/ F/cm 2 
-»5 0 0!7y h/cm 2 ^tSirttfo6, ft *5 7 2 

[R*57 4] SttfE^/v^y i/JJ hl#, Ml h 
[8*9 7 5 ] Mis^/u^y i/y>ik&mK faso 

s c c m-*>) 1 0 0 0 s c c mW*5H^flcaT*WlB16a 
ftW<|:ftfe$ix^ v 8»*«7 4lB«t<B*fe 
[8*9 7 6 ] «HB»****^*, lb 1 0 s c c m 

-ftioooscc mommvmmx'Mtzt&^v 

Kft&SftS, 8*9 7 4fStgc^& 0 

[8*9 7 7] «jE»*^*^^i«HB3i-^y->7 

^ft^it^, Ml : : 5t?fo6^ 8*9 

7 4!5©0£& 0 

OOtOP^^Cij^^n^, 8*9 7 4fEigc<7);f7 
[8*97 9] h®^ N fto. 
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1 ^ * p *) fca^**"Cfl»ffiSB-<0R««±{c 

tN 8*6 6lESc<7)^jfe 0 

[11*58 1] mfier^-zU-tST^y^ **j2 0 
0t-ft5 o 0^H<oa«-clifT£*iS* .1*9 8 0 

[8*58 2] wet^-/^**? 1 *:/*, gist 
;<? (n 2 ) > 7km (Ho) Rtf»* (o 2 ) xvftznfrb 

5, .W8 0E«<?)^o 

[8*58 3] Wier^-zv-rs^^y^, &30 

»i9 t«^i*B«)IBJtffSixa, 8*98 0!B*c?>^ 
[0 0 0 1 ] fl^^ft 

i. anoaip 

[0 0 0 2] 2. «*ttff<OttW 
SttK&SIIfcBMLtt, MKtt, it) 

[0 0 0 3 ] *8liaB*-T-0-+ife3&s S * 

tessera, *aiiiB±oK^Banea»/<^s:4x.6o 

<t 5 /jrffiZSStPfl-CSStt^^ (capacitive couplin 
g) *fi^ 5«TlBtt**)6. »tt+-6ft*SS»ttMtc 

(RC) «IE<B»H4*0#5. B»t«ft*ffiStt« 

[0004] aot, «*s«ic*5^Ttt. Mm®&m 

[ 0 0 0 5 ] 

5^ ^*y.i/9Wfc*«fc»**#^t**tf*^JB* 
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[0006] *>\>$j hifi, mmmmmmx 

pir*->->ry;MciS, K«±fc»rt3ftfc*«ty- 

K (conductive leads) fC ;bfco T isrfrtiJ ~S V h 

[0007] ho -o^aiiisssiaxsJwio^rtt, - 
3^*****1*. JnWJ is}) fr- hilt £-z>$S 

[0008] gattftw 

[0009] aifi, *mwmm\^M£fttcnmm 

<03gfi»i x -J&(C, /nt^ft^36, 3 8, 4 
0. 4 1, P-KP^^ft>^46, h7V^77f 

<b**i') Rtf*a#v^ 

tt^6rtTIRS*l-C^-5CENTURA (SfifejSaO v"* 

[ooio] mv^/^u^yi/^y^^TiKtonmz. 

O^TIl, 1 9 9 3*F2£ 1 6 0 £ ftfc Staged 

-Vacuum Substrate Processing System and MethodJ b 
l^ai<0*I»tt*5 1 8 6 7 1 8-^-(CfS®^iXT^ 
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[0 0 1 1 ] ^x/N/Dir y^^Vi/^K 3 5te, h 

Ofc^A/t?^*. h7^77ft^50lt -P^ 
:/p1r*f-ir>'<3 6, 3 8, 4 9, 4 1^0 ? (Cn-K 
-P y^^^y/^4 6{CitJSStUTt^o 
[00121SS (B*HM") tt, p- K-o^ft 
>'<4 6 $:*U[)x/N7 , Dt7'>y^->^7^3 5lw 

oKi(D^Dir^ft^3 6, 3 8, 4 9, 4 lBB"C 

[0013] yPt^ffW<3 6, 3 8, 4 9, 4 1 

E£ftSo irSfctt, + 3 8 , 4 

0, 4 1iLTtt\ «03«tB«lfR (PVD) rV/^ 

<i*><k&m75x-*tom95.ftmft (imp pvd) 
ftw<, {b^^tiita (cvd) aajRW 

:/p-fe* (RTP) ft>^^^«M (ARC) 

[0 0 14]ID2(1, !)x/N7 p Pt^Vy^^f^3 
20 5<Bfb*«ffi*if8 (CVD) ^Pir^^^>/<3 6 Oflt 

sw*.«»rffiia*s-t\ cvDynt7fY^3 6 
7t/^rfflty^^77^ry7'f ^7y7^x?i 

[0 0 15] C VD^PirT^-v 3 6 13, — felc, 
#*/^/H 3 0, hn-/^^7 h 1 1 0£, € 

■fe*?** W<3 6<0»lBICO^Ttt, 1 9 9 8^12^ 
1 4 0{CtbfI$tlfc THigh Temperature Chemical Vapo 
r Deposition CharaberJ £ ^ 5 SBO*B4#!THilHS 0 
9/2 1 1 9 9 8*ICE«Sn-C*9, RIMfttiJfirt, 

[0016] CVD^P-t^fty/<3 6l4 % -J&IC, 

*T) «ot, ft^3 6rt»-CiIJfili:S|-C 
#5. ^f^^Pir^(cS<5#, lltSKOiltflc^i/Ni 9 

*i 5 oztmx-zz, acski o 6^e>ftHR«x? 

i 7 o— WSfcSrEPiD-fSw tlUot, ^t^^/u l 5 
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[0 0 17] KS^^l 0 2(t T'Dir^^'r w<3 
/<3 6^^§A^x6'>ty-^7 Kl 2 Oil, 

$»*^^^i5 0in±i:MLr^5, 5/+ 

[0 0 18] £fc, ->t!7 ^K12 ORtf^/Nj 

*-T) ^URFIS (ID^T) fcfri/NSJMfr^ 
t!7-^j/ Kl 2 0*rSHKi-S*\ '>t7-^yKl2 
[0 0 19] :/7*^Mffcffc¥ftfi*9l (PECVD) 

[0020] '>*< & t>-oo*a«ffiiw*ji>-c*i, m 

*3^>v<3 6 K#A£ft£ 0 40 
[0 0 2 1 ] 3 0 £^LT<0;tf;*St<£iS^ 

■*!7— Kl 2 0(2, #*/^>/H 3 O/ii^cOT'nir 

[0 0 2 2] 0 1 £#0B-T6 fcx CVD7'Dt^fty 
T$'J$£*X£ 0 v^n7 , at 3 /f3yhn-754 
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•fes/f- (cpu) (o^Haiio-otfcoTU 

y, jj-Ktyy>^y, 7P^ , -r^n'7^ 

h!>^r/u-^yfi. ifcwa&tTy*yfclMftSix* 
[0023] mm^TxtMzmfrtiizmcyy h 

*7/u-^yj&sj|fir£ix5 0 V7h?x7/u-fyit 
Hfr$ix6<*: x f-ir^-^o^ASSHf-SixS-fcifc 
f + > Sfc^*r WtP+ 5 #£fl> 7 p ir * a > f ^ - * ^ 

xT^ii xiiy7h?x7t^-K>*7«)a^ 
[0024] hm^m 

-OOjt**«»C*5^Ttt, a-^^y v^y 
'>7y(t**it -^^si a c b H c o d ^^ri-5o ::t% 

t8B"Cfc!K cfi, 6-3 O^RBO«6H-e*>9, d W\ 
0-6 0>M<0j8Sffl"Ci>£o 

[0 0 2 5] t/^y->7W^at, t 

flfctf, ^/^>7> (SiCH 6 ) , ^f;w>7^ (SiC 

2 H 8 ) > hU>^>7> (SiC 3 Hio) > 7h7>f/^> 
7> (SiC 4 H 12 ) x > h y (SiCH 6 0) , v^^f 
/Wi/y h^'>7^ (SiC 4 H 12 0 2 ) s i/xf/k^xh^f 
^i/7> (SiC 8 H 2 o02) > ^f^h^>*>7 % / (S 
iC 6 H 16 0 2 ) , S^afA'^ h^7^ (SiC 6 H 
160 2 ) > ^tyf^PH> (Si 2 C 6 Hi 8 0) x t' 
X U^i/7;) y -^y (Si 2 C 3 H 12 ) , 1,2-t^ 

(^f/^>7y) (si 2 c 4 Hi 4 ) Srtt5cfc*-ejk 

[0 0 2 6 ] mmSGtf* t Ltli, t *9 bit, 
(o 2 ) > t/v (o 3 ) , -ttfbus* (N 2 0) , 

(co) , ~mt$tm (co 2 ) xf±c*t 

-sy^A (He) RXf/JUtT/ls* 
y(Ar) lO^Stt^ittot, ift#^t*RL 

[0 0 2 7] -J&Ks ID2(C^:$iX^CVD7 A C7ir^^ 

:t^"C§?5. 7*Pt^^7^-^i:tT|j:, 
I^^5 0t^5 0 0t, ftW<OE^j^l 
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5 0 s c c m~fi lOOOsccm, Sitf 
^aa^fi 1 0 s c c m-&) lOOOsccm, &t>\ 
RFS^^l Vy h/cm 2 -l!)5 0 0 9? b/c 
m 2 , ^^ifb^5 0 ±SB<0^o-fe^^7^-^tt. T 

[0028] tt©it8i^-r w<t*»W^«Hrt-c* 
Ct*s-e# 6. 01 Art, te^ita^*:""* 
tt/hS^#*«»Sr&«fc-f*K (flttf, 3 0 0mm 
[0 0 2 9] t/^y^!)^-hi^®«^fct, * 

/^#y ->y h/f teftifer^-^ft^o T^-/l- 
#^iltlt itffett, ^iH (N 2 ) , 7K^ (H 2 ) , 
(0 2 ) , X#i^tte>©a^*«r«[5^t36*-C# 

6 0 r^-***^ #«$ftfc*^:*vi';tfy cy ^ 

[0 0 3 0] -fee, B2fc*S*tfcttiEHito;/nir 
w*<z>4»-c;d-/u#y c^y $r- hSZT~-^i- ; b 

Otx r = -/^^a^S|!] 1 0 0 0 s c c m-#*J 1 0 
0 0 0 s c cm, ^tSH*-*>6 Q -fr^U S > 7 ^Hfi, 
»3 0#£ 9 4>«v^Pfl^Wr = -;u*^^ 0 

[0031] *as*ifc^*y i/y hJlte, 

LT<&ttfflfcaLTV*5. J */9 tr- VM 

[0 0 3 2] S?gjaoBB, #*«£»<&fi/a»0> 

jKf^A«tt + ON» (C) »gj65iiio-r 
Zb, mmZfttzir/i'tf; is 9 tr- HO^OCtt 
t«*DL-C, R«***'>S*S 0 
[0 0 3 3] jfeglilKlgi^Pir* 
A. ^/^y-^y^r- hAJRMRtBS 
B3 (a) - (b) tt, ftKIB«mitLT*/v*y-> 

^too -fetC. S&2 0 0I2, 7-^t'-^-efc 
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Sixfctt^fiii:ttSt«, «*.ff, S3 (a) li, 

tty-K2 0 4^«*SttT^5, StE*S*2 5 0^ 
ttWffiB*«**LTi*S. W«tty-Ktt, &js («*. 
tf, fi. 7;u^!)A x T>-?#T^TJ: 

[0 0 3 4] #mi4 D-K2 0 4I1 W*tf . ]E*Jg, 

-fee. #«tty- K©7^^^ Mfctt, ttl : 4 J: t) 

[0 0 3 5] 03 (b) 11, lj$O^Pt^A°7>-^ 

et£t\ g&fg^sis 2 5 o±tc*«**ufc*/u^y *>y 

^hl 2 0 6 ^ft o t/^7v/y^-hl2 0 6^ 

fee N t/^;i/y^-hi2 0 6it *t5 0 0A-*ti 

^ 1 0 0 0 0 A (ei£1g£;ft£ 0 

[0 0 3 6 ] gj£1ffi£Stf 2 5 0±«C^/U^y ->y tr- h 

er--/vSix5o t/^;^y^r-hi 2 0 6it ± 

[0 0 3 7] C. Jrti'tf; is]) tr- YmZI&WkktZ? 

*6S»-e^Sfi3 0 0fco^T**tt*«Kfl5B&« 

^ A©*i5***r*J«+afc»fcttteixft 0 ^ntr» 

StE3 0 0tt, v^viSi: 

Cft^t5 0 Witf, 124 Att, WttJ-K301, 
4BHR«»3 0 3, ^!J7I3 0 5, &£>*e, tnb 
o±^»«SixfcA-©R«l3 0 2«r#1-S, X'tE3 
0 O^^lftSEl^^J^I-^o SStty-K3 0 1lt ft 

3 0 3 Rt//< y 71 3 0 5 tt, (SBItt^fffi- (0) 

*.rf, */u*ys/y*--nt», ^fb^^) tfcotj: 

SK3 0 0tt, ^>y=x N trJWto, ftAXttte^ 
«■ » o i & ^ A/ t- ^ r ct i \ 

[0 0 3 8] 0 4 Aft, S«3 0 0#$/y =y-Cfc!K 
tl6y-K3 0 1^t^!), ftAB3B«SB3 0 3*s 
j^£3i-e£>6, -o©Alt*A*r«^i-5. -fee, 
/<yrg3 0 5li, Mtty-K^&«-©Bli3 0 
2 rt^*A©tt1R«:*/M»lcl-6©lcii UfcAftftA 
ltfc5 8 /<yri3 0 5te, ^<oR«*3fewc±*e 

50 fc^ilWWLtOx^fy^TOU!) 
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tf, '<» raits -to±*(i*>^B«#»ic*ruT i 

U>) , &J2 0 oA-fil 0 0 0A(0fS*tt5o * 

•K aioooA-^iooo 0 A<OI?$^^1-5o 
[0 0 3 9] a-^tfy ->y 4r- hil 3 0 4f4, sg-<7>f£ 
mi 3 0 2±.\zmj$,£tiZ> 9 it>v%J i/y 'Jr- hJ§3 0 

3 0 2±KffM£ft3o t^y->y^r-hl3 0 4 
ti\ fa 3. 0*S(?)li^^^LTib^ v ^5/V«» 

5^«rSfl*JXfiS/hPStcL-C^5o t/^yi^y h 
13 0 4C0Km^(i^S^I^T-foor, S^^Ks # 

[0 0 4 0] ^/Utfy *>y hl3 0 40J?£f4, 7* 
v-y hl3 0 4(4, ^0±»c3l#«e#?g*StuS, 

mc^co&m^^x S20 oa-«j ioo oAof 

JllcJtftLT 10 : U8 t*>lf>iyfy«jRlti; 
[0 0 4 1] ID 4 B&#BB,i-££, = V* i> h/t'TW 

^ p 3 o 6£®£u lie ^y*^ h/xrtmiSt. 
*-/w>?fy i/y 4r- hi 3 o 

^£;ftSo =*y*^ h/k'7(?)iip^3 0 614, Smte 

y- K3 o io±*ic«^n*, 

[0 0 4 2] ^/u^fy ->y $r- hl3 0 4t4, ii^oy 

y V ^?:7^:/nir*T*f4, 0»;ttf, **^*-«*tt 
i^*h (b*hm") ^^/^y^y^-hl 

3 0 4±iC^$ix5o x^^-U^^^FTO 

<om fa 4 o o o A-H&i o o o o AtDmmfoomz 

ftft^^ bW&<D\ZhA,i?ft* ft 4 5 0 nm 

y-*) *»<&«*«:*ri-s#* (uv) B«itic»LT 

«6*ttT*fc^ 0 (DUV) \s*J*bttftns m2 

4 5 nm*»<Oft*4:#i-$UVBg»»C#LT«*tt-C 

[0 0 4 3] s*/u*-«*tti/^ h*f»«r, 

»4 0 soiled A 

B4B«r#fiB-f ^^-^ftttuv 7 * h» 

»rticiiSSttfc/<^-^tt, *-/u#y iyy ^- hi 3 

0 4^ilLT^^^n5 0 
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[0 0 4 4] Z<D'<9-)/ft, **>i'#-&yt1tl'i?X 

/^yyy^-hl 3 0 4 ^iiT6¥^5 o :^)^ 
*-vf4, a«ftft***#Jtrtt9riK:j:8, *n.# 
y 5/ a {r- hl3 0 4 ^riitT^^$n5o W^tf, * 

/i-#y v-y 4r- hi 3 0 4^{k^^tc^y^>^^^>^ 
to\zft y mrvit&tm (CF 4 ) , 7yftx^y (c 2 F 
6 ) Stf7^f> (c 4 f 8 ) 

So 

;0 [0045] t/v^;*yy^-hl3 0 4^-y<t 

& x D4 Cd^SftSJ: 9 RlORU3 0 8#t 
/Wtfy *>y>- hl 3 0 4Sr*3*3oTi|ia$ix5. 
^113 0 811, Bftfc-CfcottJ:^ - 

30 8i4, &m$tizmm»<o*:Zi*\z£v > mi 00 
oA-it) 10000 A<7?ff S**-*-*. 

[0 0 4 6] fg-^ffiftl 3 0 8 (4, ^£>&, m 4 D 

'<*-Wfc£ft*o r^ici4. ±iE(7Pii^^y y^77 
*fc#*Six*ftz*«3 1 o«u wy^y^-F 

l304(D=ry^^ h/t'TiPS3 0 6^±*(Cfi^ 
mK&mS 1 0Rtf=>** h/t'73 

i^vmtoT, Wett<04MR»3 0 1<B8E* 

[0 0 4 7] B4ESr#K1-Sfc, tSZft«3 10at^ 
= h/trr 3 0 6tt, *«tt#1*3 1 4 (#Jx. 

ttttl. 7/iQ-cm) si«a3io&t;3 

**tttt»3 14fi, y-rS/^«St*«r»*r6fc» 

^^*4rttoT*iStS^S 0 iilS^^@l 3 0 2 , 3 
0 8^^{c^/v^y i/y ^-Fi3o 4p^^co^^^ii) 

mt*'<}) *r#*<o'<y t§3 1 2*5, t§2gi3 1 or 
1/^^ h/trr 3 0 6©«ak»fflfc*tastt5w 

[0 0 4 8] *»Woft*4rlft*aA/*r!llod>tf!)ff5i4 

ixl4, C*tbOgfc*Sr«*iiA/S, *<<oteo«**H 
* *»ttSr**JCJKttl1-5r t^-e# J: 5o 

[nn *BW»»tciaaa?ix6U«jettS:iiJS-r5fe 

[H2] (CVD) *^f>/<0**ttft* 

5d? [S3] (a) RXf (b) J4. ftlDMUi: Itt/V 
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[B4CJ ^->y#3t*lc*/^y'>!lir-Hl*:ia 
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\ Title ol Invention 

METHOD OP DEPOSITING OHGAKOSILICATE LAYERS 

2 Claims 



1. A method of thin film deposition, comprising: 

positioning a substrate in a deposition chamber? 

providing a gas mixture to the deposition chamber, 
wherein the gas mixture comprises an organosilane compound 
and an oxygen- containing gas; and 

. applying an electric field to the gas mixture in the 
deposition chamber to form an organosilicate layer on the 
substrate. 

2. The method of claim 1 wherein the organosilane compound 
has a general formula Si a C to H c O d where a has a range between 
1 and 2, b has a range between 1 and 10, c has a range 
between 6 and 30, and d has a range between 0 and 6. 

3. The method of claim 2 wherein the organosilane compound 
is selected from the group of methylsilane iSiCH 6 ), 
dimethylsilane (SiC 2 H 9 ) , trimethylsilane (SiC 3 H 10 ) , 
tetramethylsilane £SiC 4 H l3 ), methoxysilane (SiCH 6 0) , 
dimethyldirnethoxysilane (SiC 4 H 12 O s ), diethyldiethoxysilane 
(SiC B H La 0 2 ) , dime thyldiethoxy si lane <SiC fi H 3fl 0 2 ) , 
diethyldimethoxysilane (SiC 4 H u 0 3 ) , hexamethyldisiloxane 
(Si 2 C s H u 0), bis {methylsilano) methane (SijCjHu), 1,2- 

bis I methyls llano) ethane lSi 2 C,H 14 ), and combinations 
thereof . 

4. The method of claim 1 wherein the oxygen- containing gas 
is selected from the group of nitrous oxide (N 2 0) , oxygen 
(0 2 ) , ozone (0 3 ) , carbon monoxide (CO) , carbon dioxide 
(C0 2 ), and combinations thereof. 

5. The method of claim 1 wherein the electric field applied 
to the gas mixture in the deposition chamber is a radio 
freciuency (RF) power. 
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6. The method of claim 5 wherein the RF power is within the 
range of about 1 watts /cm 2 to about 500 watts /cm 2 . 

7. The method of claim 1 wherein the deposition chamber is 
maintained at a pressure between about 1 torr to about 
500 torr. 

8. The method of claim 1 wherein the organosilane compound 
is provided to the deposition chamber at a flow rate in a 
range of about 5 0 seem to about 1000 seem, 

9. The method of claim 1 wherein the oxygen- containing gas 
is provided to the deposition chamber at a flow rate in a 
range of about 10 seem to about 1000 seem. 

10. The method of claim 1 wherein the ratio of the oxygen- 
containing gas to the organosilane compound is about: 1:1 to 
about 1:5. 

11. The method of claim 1 wherein the deposition chamber is 
maintained at a temperature between about 5 0 °C to about 
500 °C. 

12. The method of claim 1 wherein the organo silicate layer 
is formed on the substrate at a rate greater than about 
0.1 microns per minute. 

13. The method of claim 1 further comprising the step of 
annealing the organosilicate layer formed on the substrate. 

14. The method of claim IB wherein the annealing step is 
performed at a temperature between about 200 *C to about 
500 *C. 
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15. The method of claim 13 wherein the annealing step is 
performed in an atmosphere comprising one or more gases 
selected from the group of nitrogen (N 3 ) , hydrogen (H a ) , 
and oxygen (O a J . 

16. The method of claim 13 wherein the annealing step is 
performed for a time lees than about 30 minutes, 

17. A method forming an organosilicate layer on a 
subs t rate , c ompr i s Lng : 

positioning a substrate in a deposition chamber; 

providing a gas mixture to the deposition chamber, 
wherein the gas mixture comprises an organosilane compound 
and an oxygen- containing gas; .and 

applying an electric field to the gas mixture in the 
deposition chamber to form an organosilicate layer on the 
substrate . 

18. The method of claim 17 wherein the organosilane 
compound has a general formula 3i^C^l c O d where a has a range 
between 1 and 2, b has a range between 1 and 10, c has a 
range between 6 and 30, and d has a range between 0 and 6, 
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19. The method or claim 18 wherein the organosilane 
compound is selected from the group of methylsilane 
(SiCHfi), dimethylsilane (SiC 2 H & ) , trimethylsilane (SiC^o), 
tetrametbylsilane (SiC^J , roethoxysilane (SiCH 6 0) , 

dime thy 1 dime thoxy si lane {SiC 4 H 12 0 2 ) , diethyldiethoxysilane 
(SiCjH^Oj), dimethyldiethoxysilane (SiC 6 H u 0 2 ) , 
di ethyl dimethoxyeilane {SiC 6 H 16 0 3 ), hexamethyldisiloxane 
{Si 3 C 6 H 1B 0) , bis{methylsilano)methane (SijC 3 H 13 ) , 1,2- 
biB(methylsilano) ethane (Si 3 C 4 H w } , and combinations 
thereof . 

20. The method of claim 17 wherein the oxygen-containing 
gas is selected from the group of nitrous oxide {N : 0) , 
oxygen (0 2 ) , ozone (0 3 ), carbon monoxide (CO), carbon 
dioxide (CO s ) , and combinations thereof. 

21. The method of claim 17 wherein the electric field 
applied to the gas mixture in the deposition chamber is a 
radio frequency (RF) power. 

22. The method of claim 21 wherein the RF power is within 
the range of about 1 watts/era' to about 5 00 watts/cm*. 

23. The method of claim 17 wherein the deposition chamber 
is maintained at a pressure between about 1 torr to about 
500 torr. 

24. The method of claim 17 wherein the organosilane 
compound is provided to the deposition chamber at a flow 
rate in a range of about 50 seem to about 1000 seem. 
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25. The method of claim 17 wherein the oxygen -containing 
gas is provided to the deposition chamber at o flow rate in 
a range of about 10 seem to about 10D0 seem. 

26. The method of claim 17 wherein the ratio of the oxygen- 
containing gas to the organosilane compound is about 1:1 to 
about 1:5. 

27. The method of claim 17 wherein che deposition chamber 
is maintained at a temperature between about 50 °C to about 
500 °C. 

28. The method of claim 17 wherein the organosilicate layer 
is formed on the substrate at a rate greater than about 
0.1 microns per minute. 

29. The method of claim 17 further comprising the step of 
annealing the organosilicate layer formed on the substrate. 

30. The method of claim 29 wherein the annealing step is 
performed at a temperature between about 200 *C to about 
500 -C, 

31. The method of claim 29 wherein the annealing step is 
performed in an atmosphere comprising one or more gases 
selected from the group of nitrogen (N 2 ) , hydrogen (H 2 ) , 
and oxygen (Oa) . 

32 . The method of claim 29 wherein the annealing step is 
performed for a time less than about 30 minutes. 
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33. A computer storage medium containing a software routine 
that, when executed, causes a general purpose computer to 
control a deposition chamber using a layer deposition 
method, comprising: 

positioning a- substrate in a deposition chamber; 

providing a gas mixture to the deposition chamber, 
wherein the gas mixture comprises an organosilane compound 
and an oxygen- containing gas; and 

applying an electric field to the gas mixture in the 
deposition chamber to form an organosilicate layer on the 
substrate. 

34. The computer storage medium of claim 33 wherein the 
organosilane compound has a general formula Si.C b H c O d where 
a has a range between 1 and 2, b has a range between 1 and 
10, c has a range between 6 and 30, and d has a range 
between 0 and 6. 

35. The computer storage medium of claim 34 wherein the 
organosilane compound is selected from the group of 
methylsilane (SiCH*) , dimethylsilane (SiC 2 H 9 ) , 
trimethylsilane <SiC 3 K 10 ) , tetramethylsilane (siC 4 H 13 ) , 
methoxysilane {SiCI^O), dimetbyldimethoxysilane (SiC,H i2 0 2 ) , 
diethyldiethoxysilane (SiC 8 H 18 0 2 ), dimethyldiethoxysilane 
(SiC ( H 16 0 2 ) , diethyldimethoxysilane (SiC 6 H l6 0 2 ) , 
hexamethyldisilcxane {Si 2 C 6 H ia O) , bis (methylsilano) methane 
(Si 2 CjH i: ), 1,2-bis (methylsilano) ethane (Si 2 C 4 H 14 ) , and 
combinations thereof. 

36. The computer storage medium of claim 33 wherein the 
oxygen-containing gas is selected from the group of nitrous 
oxide (N 2 0) , oxygen (0 2 ), ozone (0 3 ) , carbon monoxide (CO), 
carbon dioxide (co 2 ) , and combinations thereof. 
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37. The computer storage medium of claim 33 wherein the 
electric field applied to the gas mixture in the deposition 
chamber is e radio frequency (RF) power. 

38. The computer storage medium of claim 37 wherein the RF 
power is within the range of about 1 watts /cm 2 to about 
500 watts/cm 2 . 

39. The computer storage medium of claim 33 wherein the 
deposition chamber is maintained at a pressure between 
about 1 torr to about 500 torr. 

40. The computer storage medium of claim 33 \vherein the 
oxganosilane compound is provided to the deposition chamber 
at a flow rate in a range of about 50 seem to about 

1000 seem. 

41. The computer storage medium of claim 33 wherein the 
oxygen- containing gas is provided to the deposition chamber 
at a flow rate in a range of about 10 seem to about 

1000 seem. 

42. The computer storage medium of claim 3 3 wherein the 
ratio of the oxygen-containing gas to the organosilane 
compound is about 1:1 to about 1:5. 

43. The computer storage medium of claim 33 wherein the 
deposition chamber is maintained at a temperature between 
about 50 °C to about 500 °C, 

44. The computer storage medium of claim 33 wherein the 
organosilicate layer is formed on the substrate at a rate 
greater than about 0.1 microns per minute. 
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45. The computer storage medium of claim 33 further 
comprising Che step of annealing the organosilicate layer 
formed on the substrate. 

46. The computer storage medium of claim 45 wherein the 
annealing step is performed at a temperature between about 
200 *C to about 500 *C. 

47. The computer storage medium of claim 45 wherein the 
annealing step is performed in an atmosphere comprising one 
or more gases selected from the group of .nitrogen (N 2 ) , 
hydrogen (H,) , and oxygen (0 2 ). 

48. The method of claim 45 wherein the annealing step is 
performed a time for less than about 30 minutes. 

49. A method of forming a device, comprising: 

providing a substrate having conductive features 
formed thereon; and 

forming an organosilicate layer over the conductive 
features, wherein the organosilicate layer is formed by 
applying an electric field to a gas mixture comprising an 
organosilane compound and an oxygen- containing gas, 

50. The method of claim 49 wherein the conductive features 
are formed of one or more materials selected from the group 
consisting of copper, aluminum, tungsten, and combinations 
thereof . 

51. The method of claim 49 wherein the organosilane 
compound has a general formula Sifijifi^ where a has a range 
between 1 and 2, b has a range between 1 and 10, c has a 
range between 6 and 30 , and d has a range between 0 and 6. 
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52 . The method of claim 51 wherein the organosilane 
compound is selected from the group of methylsiiane 
(SiCHgl, dime thylsi lane (SiC a H,), trimethylsilane (SiC 3 H 10 ) , 
tetramethylsilane (SiC^) , niethoxysilane (SiCH<0) , 
dimethyldimethoxysilane (SiC 4 H 12 0 2 ) , diethyldiethoxysilane 
(SiC 8 H ie 0 2 ), dimethyldiethoxysilane (SiC 5 H l8 0 2 ) , 
diethyldimechoxysilane (SiC 6 H lfi 0 2 } , hexaraethyldi siloxane 
<Si 2 C 6 H 1B 0), bis { methyl silano) methane (Si 2 C 3 H i: ) , 1,2- 
bis(methylsilano) ethane (Si^H^J , and combinations 
thereof . 

53 . The method of claim 49 wherein the oxygen-containing 
gas is selected from the group of nitrous oxide [N 2 0] , 
oxygen (0 2 ) , ozone (0 3 ) , carbon monoxide (CO), carbon 
dioxide (CO a ) , and combinations thereof.. 

54. The method of claim 49 wherein the electric field 
applied to the gas mixture is a radio frequency (RF) power. 

55. The method of claim 54 wherein the RF power is within 
the range of about 1 watts/cm 3 to about 500 watts/cm 2 . 

56. The method of claim 49 wherein the organosilicate layer 
is formed in a deposition chamber maintained at a pressure 
between about 1 torr to about 500 torr. 

57. The method of claim 56 wherein the organosilane 
compound is provided to the deposition chamber at a flow 
rate in a range of about 50 seem to about 1000 scan. 

58. The method of claim 56 wherein the oxygen- containing 
gas is provided to the deposition chamber at a flow rate in 
a range of about 10 seem to about 1000 seem. 
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59. The method of claim 56 wherein the ratio of the oxygen - 
containing gas to the organosilane compound is about 1*1 to 
about 1:5. 

60. The method of claim 56 wherein the deposition chamber 
is maintained at a temperature between about 50 °C to about 
500 fi C. 

61. The method of claim 49 wherein the organosilicate layer 
is formed over the conductive features at a rate greater 
than about 0.1 microns per minute. 

62 . The method of claim 49 further comprising the step of 
annealing the organosilicate layer formed on the substrate. 

63 . The method of claim 62 wherein the anneaLing step is 
performed at a temperature between about 200 "C to about 
500 -C. 

64. The method of claim 62 wherein the annealing step is 
performed in an atmosphere comprising one or more gases 
selected from the group of nitrogen (N 2 > , hydrogen (Ha), 
and oxygen (0 2 ) . 

65. The method of claim 63 wherein the annealing step is 
performed for a time less than about 30 minutes. 
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66, A method of fabricating a damascene structure, 
comprising 

Eorming a first dielectric layer on a substrate; 

forming an organosilicate layer on the first 
dielectric layer, wherein the organosilicate layer is 
formed by applying an electric field to a gas mixture 
comprising an organosilane compound and an oxygen- 
containing gas; 

patterning the organosilicate layer to define 
contacts/vias therethrough; 

forming a second dielectric layer on the patterned 
organosilicate layer; 

patterning the second dielectric layer to define 
interconnects therethrough, wherein the interconnects are 
positioned over the contacts/vias defined in the 
organosilicate layer; 

etching the first dielectric layer to form 
contacts/vias therethrough; and ^ 

filling the contacts/vias and the interconnects with a 
conductive material. 

67, The method of claim 66 wherein the first dielectric 
layer and the second dielectric layer are each selected 
from the group consisting of amorphous carbon, fluorinated 
amorphous carbon, parylone, fluorinated silicate glass 
(FSG) , AF 4 , BCB, silicon carbide, oxynitride, and 
combinations thereof. 

68, The method of claim 66 wherein the conductive material 
filling the contacts/vias and interconnects is selected 
from the group consisting of copper, aluminum, tungsten, 
and combinations thereof. 



(23) M 2 0 0 2 - 2 7 5 6 3 1 

69. The method of claim 66 wherein the organosilane 
compound has a general formula Bifi^O^ where a has a range 
between 1 and 2, b has a range between 1 and 10, c has a 
range between 6 and 30, and d has a range between 0 and 6. 

70. The method of claim 69 wherein the organosilane 
compound ia selected from the group of methyls ilane 
{SiCHJ , dimethyl si lane [SiC a H a ) , trimethylailane (SiC 3 H 10 ) , 
tetramethylsilane <SiC<H 13 ). methoxysilane (SiCH«0) , 

dime thyldimethoxysi lane (SiC 4 H L2 0 ? ) , diethyldiethoxys ilane 
(SiC,H u 0 2 J , dimethyldiethoxys ilane (SiC 6 H l6 0 2 ) f 
diethyldimethoxysilane (SiC 6 H l6 0 2 ) , hexamethyldisiloxane 
(Si 2 C s Hj B 0) , bis (methylsilano)methane {Si 2 CjH 2J > , 1,2- 
bis.(methylsilano) ethane (Si 2 C 4 H u ), and combinations 
thereof . 

71. The method of claim 66 wherein the oxygen-containing 
gas is selected from the group of nitrous oxide (N 2 0) , 
oxygen (0 2 >, ozone \O y ) , carbon monoxide (CO), carbon 
dioxide (C0 3 ) , and combinations thereof. 

72. The method of claim 66 wherein the electric field 
applied to the gas mixture is a radio frequency (RF) power. 

73. The method of claim 72 wherein the RF power is within 
the range of about 1 watts/cm 2 to about 500 watts/cm 2 . 

74. The method of claim 65 wherein the organosilicate layer 
is formed in a deposition chamber maintained at a pressure 
between about 1 torr to about 500 torr. 

75. The method of claim 74 wherein the organosilane 
compound is provided to the deposition chamber at a flow 
rate in a range of about 50 seem to about 1000 seem. 
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76. The method of claim 7 4 wherein the oxygen- containing gas 
is provided to the deposition chamber at a flow rate in a 
range of about 10 seem to about 1000 seem. 

77. The method of claim 74 wherein Che ratio of the oxygen- 
containing gas to the organosilane component is about 1:1 to 
about 1:5. 

78. 'the method of claim 74 wherein the deposition chamber is 
maintained at a temperature between about 50 °C to about 

500 °C. 

79. 'The method of claim 66 wherein the organosilicate layer 
is formed on the first dielectric layer at a rate greater 
than about 0.1 microns per minute. 

80. The method of claim 66 further comprising the step of 
annealing the organosilicate layer formed on the first 
dielectric layer. 

81. The method of claim 80 wherein the annealing step is 
performed at a temperature between about 2 00 'C to about 
500 'C. 

82. The method of claim 80 wherein the annealing step is 
performed in an atmosphere comprising one or more gases 
selected from the group of nitrogen <N 3 ) , hydrogen (H 3 ) , and 
oxygen {0,) . 

83. The method of claim 80 wherein the annealing step is 
performed for a time less than about 30 minutes. 
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1. Field of the Invention 

The present invention relates to organosilicate layers, 
their use in integrated circuit fabrication, and a method for . 
forming an organosilicate layer. 

2. Description of the Background Art 

integrated circuits have evolved into complex devices 
that can include millions of components (e. g., transistors, 
capacitors and resistors} on a single chip. The evolution of 
chip. designs continually requires faster circuitry and 
greater circuit density. The demands for greater circuit, 
density necessitate a reduction in the dimensions of the 
integrated circuit components. 

As the dimensions of the integrated circuit components 
are reduced (e. g. , sub-micron dimensions), the materials 
used to fabricate such components contribute to their 
electrical performance. For example, low resistivity metal 
interconnects {e. g., copper and aluminum) provide conductive 
paths between the components on integrated circuits. 
Typically, the metal interconnects are electrically isolated 
from each other by an insulating material. When the distance 
between adjacent metal interconnects and/or the thickness of 
the insulating material has sub-micron dimensions, capacitive 
coupling potentially occurs between such interconnects. 
Capacitive coupling between adjacent metal interconnects may 
cause cross talk and/ or resistance- capacitance (RC> delay 
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which degrades the overall performance of the integrated 
circuit. In order to prevent capacitive coupling between 
adjacent metal interconnects/ low dielectric constant {low k) 
insulating materials (e. g., dielectric constants less than 
about 4.5) are needed. 

Therefore, a need exists in the art for low dielectric 
constant materials suitable for integrated circuit 
fabrication. 

SUMMARY OF THE INVENTION 

A method of forming an organosilicate layer for use in 
integrated circuit fabrication is provided. In one 
embodiment, the organosilicate layer is formed by applying an 
electric field to a gas mixture comprising an organosilane 
compound and an oxygen- containing gas. 

The organosilicate layer is compatible with integrated 
circuit fabrication processes. In one integrated circuit 
fabrication process, the organosilicate layer is used as an 
intermetal dielectric layer. For such an embodiment, a 
preferred process sequence includes depositing the 
organosilicate layer over conductive leads formed on a 
substrate. 

In another integrated circuit fabrication process, the 
organosilicate layer is incorporated into a damascene 
structure. For such an embodiment, a preferred process 
sequence includes depositing a first dielectric layer on a 
substrate. An organosilicate layer is then formed on the 
first dielectric layer. Thereafter, the organosilicate layer 
is patterned and etched to define contacts/vias therethrough. 
After the organosilicate layer is patterned and etched, a 
second dielectric layer is deposited thereover. The second 

dielectric layer is then patterned and etched to define 
interconnects therethrough. The interconnects formed in the 
second dielectric layer are positioned over the contacts/vias 
formed in the organosilicate layer. After the interconnects 
are formed, the contacts/vias defined in the organosilicate 
layer are etched through the first dielectric layer to the 
substrate surface. Thereafter, the damascene structure is 
completed by filling the interconnects and contacts/vias with 
a conductive material. 



DETAILED DESCRIPTION 
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FIG. 1 is a schematic representation of a wafer 
processing system 35 that can be used to perform integrated 
circuit fabrication in accordance with embodiments described 
herein. This apparatus typically comprises process chambers 
36, 38, 40, 41, load-lock chambers 46, a transfer chamber 50, 
a microprocessor controller 54, along with other hardware 
components such as power supplies (not shown) and vacuum 
pumps (not shown) . An example of such a wafer processing 
system 3 5 is a CENTURA© System, commercially available from 
Applied Materials, Inc., Santa Clara, California. 

Details of the wafer processing system are described in 
commonly assigned U. S. Patent No. 5,186,718, entitled, 
v Staged- Vacuum Substrate Processing System and Method", 
issued on February 16, 1993, and is hereby incorporated by 
reference. The salient features of this system- 35 are briefly 
described below. 

* The wafer processing system 35 includes a transfer 
chamber 50, containing a transfer robot 51, The transfer 
chamber 50 is coupled to load- lock chambers 46 as well as a 
cluster of process chambers 36, 38, 40, 41. 

Substrates (not shown) are loaded into the wafer 
processing system 35 through load-lock chambers 46. 
Thereafter, transfer robot 51 moves the substrates between 
one or more of the process chambers 36, 38, 40, 41. 

The process chambers 36, 38, 40, 41 are used to perform 
various integrated circuit fabrication sequences. For 
example, process chambers 36, 38, 40, 41 may include physical 
vapor deposition (PVE) chambers, ionized metal plasma 
physical vapor deposition (IMP PVD) chambers, chemical vapor 
deposition (CVD) chambers, rapid thermal process (RTP) 
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chambers, and anti -reflective coating (ARC) chambers, among 
others . 

FIG. 2 depicts a schematic cross-sectional view of a 
chemical vapor deposition (CVD) process chamber 36 of wafer 
processing system 35. CVD process chamber 36 may be used to 
deposit organosilicate layers in accordance vrith embodiments 
described herein. An example of such a CVD process chamber 36 
is a DXZ™ chamber, commercially available from Applied 
Materials, Inc., Santa Clara, California. 

CVD process chamber, 36 typically comprises a gas panel 
130, a control unit 110, along with other- hardware components 
such as power supplies and vacuum pumps. Details of the CVD 
process chamber 36 are described in commonly assigned U.S. 
patent application Serial No. 09/211,998, entitled "High 
Temperature Chemical Vapor Deposition Chamber", filed on 
December 14, 1998, and is herein incorporated by reference. 
The salient features of the CVD process chamber 36 are 
briefly described below. 

The CVD process chamber 36 generally houses s support 
pedestal 150, which is used to support a substrate such as a 
semiconductor wafer 190. This pedestal 150 can" typically be 
moved in a vertical direction inside the chamber 36 using a 
displacement mechanism (not shown) . Depending on the specific 
process, the wafer 190 can be heated to some desired 
temperature prior to layer deposition. For example, the wafer 
support pedestal 150 is heated by an embedded heater element 
170. The pedestal 150 may be resistively heated by applying 
an electric current from an AC supply 105 to the heater 
element 170. The wafer 190 is, in turn, heated by the 
pedestal 150. A temperature sensor 172, such as a 
thermocouple, is also embedded in the wafer support pedestal 
150 to monitor the temperature of the pedestal 150 in a 
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conventional manner. The measured temperature is used in a 
feedback loop to control the power supplied to the heating 
element 17 0, such that the wafer temperature can be 
maintained or controlled at a desired temperature which is 
suitable for the particular process application. The pedestal 
150 is optionally heated using a plasma or by radiant heat 
(not shown) . 

A vacuum pump 102, is used to evacuate the process 
chamber 36 and to maintain the proper gas flows and pressure 
inside the chamber 36. A showerhead 120, through which 
process gases are introduced into the chamber 36, is located 
above the wafer support pedestal 150. The showerhead 120 is 
connected to a gas panel 130, which controls and supplies 
various gases used in different steps of the process 
sequence. 

The showerhead 120 and wafer support pedestal 150 also 
form a pair of spaced apart electrodes. When an electric 
field is generated between these electrodes, the process 
gases introduced into the chamber 3 6 are ignited into a 
plasma. Typically, the electric field is generated by 
connecting the wafer support pedestal 150 to a source of RF 
power {not shown) through a matching network (not shown) . 
Alternatively, the RF power source and matching network may 
be coupled to the showerhead 120, or coupled to both the 
showerhead 120 and the v/afer support pedestal 150. 

Plasma enhanced chemical vapor deposition (PECVD) 
techniques promote excitation and/or disassociation of the 
reactant gases by the application of the electric field to 
the reaction zone near the substrate surface, creating a 
plasma of reactive species. The reactivity of the species in 
the plasma reduces the energy required for a chemical 
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reaction to take place, in effect lowering the required 
temperature for such PECVD processes. 

In at least one embodiment, organosilicate layer 
deposition is accomplished by plasma enhanced oxidation of a 
organosilane compound, such as trimethyl si lane. The 
organosilane compound is introduced into the process chamber 
36 under the control of gas panel 130 as a gas with a 
regulated flow. 

Proper control and regulation of the gas flows through 
the gas panel 130 is performed by mass flow controllers {not 
shown) and a computer (not shown}. The showerhead 120 allows 
process gases from the gas panel 130 to be uniformly 
introduced and distributed in the process chamber 100. 

Referring to FIG. 1, the CVD process chamber 36 is 
controlled by a microprocessor controller 54. The 
microprocessor controller 54 may be one of any form of 
general purpose computer processor (CPU) that can be used in 
an industrial setting for controlling various chambers and 
sub-processors. The computer may include any suitable 
memory, such as random access memory, read only memory, 
floppy disk drive, hard disk, or any other form of digital 
storage, local or remote. Various support circuits may be 
coupled to the CPU for supporting the processor in a 
conventional manner. Software routines as required may be 
stored in. the memory or executed by a second CPU that is 
remotely located. 

The software routines are executed after the substrate 
is positioned on the pedestal. The software routine, when 
executed, transforms the general purpose computer into a 
specific process computer that controls the chamber operation 
so that a chamber process is performed. Alternatively, the 
process of the present invention may be performed in 
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hardware, as an application specific integrated circuit or 
other type of hardware implementation, or a combination of 
software or hardware. 

Organosilicate Layer Deposition 

In one embodiment, the organosilicate layer is formed by 
applying an electric field to a gas mixture comprising an 
organosilane compound and an oxygen- containing gas. The 
organosilane compound has the general formula Si.C^O^ where a 
has a range between 1 and 2, b has a range between 1 and 10, 
c has a range between 6 and 30, and d has a range between 0 
and 6. 

• For example, methylsilane (SiCH«), dimethyl si lane 

(SiC 2 H(), trimethylsilane {SiC 3 H l0 ), tetrajnethylsilane 

(SiC 4 H 12 ), methoxysilane <SiCH«0) , dimethyldimethoxysilane 

|SiC<H 12 0 5 }, diethyldiethoxysilane (SiC 8 H 20 O 2 ) , 
dimethyldiethoxysilane (SiC 6 H 1€ 0 2 ) , diethyldimethoxysilane 

<SiC 6 H 16 0 2 ), hexamethyldisiloxone (Si;AH 18 0) , 
bis (me thy 1 si lano} methane (Si 3 C 3 H ls ) , 1,2- 

bis(methylsilano] ethane (Si a C 4 H u ), among others may be used as 
the organosilane compound. 

Oxygen (0 2 ) , ozone {0j> , nitrous oxide (N 2 0) , carbon 
monoxide (CO), carbon dioxide (C0 2 ) , or combinations thereof, 
among others, may be used as the oxygen-containing gas. The 
oxidizing gas may be diluted with an inert gas such as helium 
(He} and/or argon (Ar) . 

In general, the following deposition process parameters 
can be used to form the organosilicate layer using a CVD 
process chamber similar to that shown in FIG. 2. The process 
parameters range from a wafer temperature of about 50 °C to 
about 500 °C, a chamber pressure of about 1 torr to about 
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5 00 torr, an organosilane compound gas flow rate of about 
50 seem to about 1000 seem, an oxygen-containing gas flow 
rate of about 10 seem to about 1000 scciu, and an RF power of 
between about 1 watts/cm 2 to about 500 watts/cm 2 . The above 
process parameters provide a deposition rate for the 
organosilicate layer in the range of about 0.1 micron/min to 
about 2 micron/min when implemented on a 200 mm (millimeter) 
substrate in a deposition chamber available from Applied 
Materials, inc. 

Other deposition chambers are within the scope of the 
invention, and the parameters listed above may vary according 
to the particular deposition chamber used to form the 
organosilicate layer. For example, other deposition chambers 
may have a larger (e, g. , configured to accommodate 300 mm 
substrates) or smaller volume, requiring gas flow rates that 
are larger or smaller than those recited for deposition 
chambers available from Applied Materials, Inc. 

After the organosilicate layer is formed, it is 
optionally annealed. Nitrogen hydrogen <H 3 ) , * oxygen 

(0 3 )/ or combinations thereof, among others, may be used as 
the annealing gas. It is believed that the annealing step 
minimizes the water vapor absorption capability of the as 
deposited organosilicate layer, improving the dielectric 
properties thereof. 

In general, the following process parameters may be used 
to anneal the organosilicate layer in a process chamber 
similar to that shown in Fig. 2. The process parameters range 
from a wafer temperature of about 200 °C to about 500 °C and 
an annealing gas flow rate of about 1000 seem to about 
10,000 seem. The organosilicate layer is annealed for less 
than about 3 0 minutes. 
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The as-deposited organosilicate layer has a dielectric 
constant that is less than about 3.0, making it suitable for 
use as an insulating material in integrated circuits. The 
dielectric constant of the organosilicate layer is tunable, 
in that it can be varied in a range between about 2.0 to 
about 3.0 as a function of the reaction temperature. In 
particular, as the reaction temperature increases, the 
dielectric constant of the as-deposited layer decreases. 

The dielectric constant of the organosilicate layer can 
also be tuned as a function of the composition of the gas 
mixture during layer formation. As the carbon (C) 
concentration in the gas mixture increases, the C content of 
the as-deposited organosilicate layer increases , decreasing 
its dielectric constant. 

Integrated Circuit Fabrication Procesees 

A. Organosilicate Intermetal Dielectric Layer 

FIGs. 3a-3b illustrate schematic cross- sectional views 
of a substrate 2 00 at different stages of an integrated 
circuit fabrication sequence incorporating an organosilicate 
layer ae an intermetal dielectric layer. In general, the 
substrate 200 refers to any workpiece on which film 
processing is performed. Depending on the specific stage of 
processing, the substrate 200 may correspond to a silicon 
wafer, or other material layers, which have been formed on 
che substrate, fig. 3a, for example, illustrates a cross - 
sectional view of a substrate structure 250 in which the 
substrate 200 is a silicon wafer with conductive leads 204 
formed thereon. The conductive leads may be formed of a metal 
(e.g. copper, aluminum, tungsten). 
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The conductive leads 2 04 have various cross-sectional 
geometries such as, for example, square, rectangular, and 
circular. The conductive leads typically have aspect ratios 
of greater than about 1:4. The aspect ratio is defined as the 
lead height divided by its width. 

FIG, 3b depicts an organosilicate layer 206 formed on 
the substrate structure 250 according to the process 
parameters described above. The thickness of the 
organosilicate layer 206 is variable depending upon the 
specific stage of processing. Typically the organosilicate 
layer 206 is deposited to a thickness of about 500 A to about 
10000 A. 

After the organosilicate layer 206 is formed on the' 
substrate structure 250, the organosilicate layer is 
optionally annealed. The organosilicate layer 206 is annealed 
according to the process parameters described above, 

C. Damascene Structure Incorporating an Organosilicate 
Layer 

FIGS . 4a-4e illustrate schematic cross -sectional views 
of a substrate 300 at different stages of a damascene 
structure fabrication sequence incorporating an 
organosilicate layer therein. Damascene structures are 
typically used to form metal interconnects on integrated 
circuits. Depending on the specific stage of processing, 
substrate 300 may correspond to a silicon substrate, or other 
material layer that has been formed on the substrate 300. 
FIG. 4a, for example, illustrates a cross-sectional view of a 
substrate 300 having conductive leads 301, intermetal 
dielectric 303, a barrier layer 305, as' well as a first 
dielectric layer 302 formed thereon. The conductive leads 301 
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may be a metal (e. g,, aluminum, copper). The intermetal 
dielectric 3 03 and the barrier layer 305 may be a low 
dielectric constant material (e. g., organosilicate material, 
silicon carbide) - The first dielectric layer 302 may be an 
oxide (e. g., silicon oxide, f luorosiiicate glass). In 
general, the substrate 300 may include a layer of silicon, 
silicides, metals, or other materials. 

FIG. 4a illustrates one embodiment in which the 
substrate 300 is silicon, the conductive leads 301 are 
copper, and the intermetal dielectric 303 is a silicon oxide. 
The barrier layer 305 is typically a silicon carbide layer 
suitable to minimize the diffusion of metal from the 
conductive leads into the first dielectric layer 3 02. The 
barrier layer 305 has a thickness of about 200 A to about 
1000 A, depending on its dielectric constant as well as its 
etch selectivity with respect to the overlying dielectric 
material (e. g., the barrier layer preferably has an etch 
selectivity with respect to the overlying dielectric layer 
that is greater than about 10:1). The first dieleGtric 
layer 302 has a thickness of about 1,000 A to about 10,000 A, 
depending on the si2e of the structure to be fabricated. 

An organosilicate layer 304 is formed on the first 
dielectric layer 302. The organosilicate layer 3 04 is formed 
on the first dielectric layer 302 according to the process 
parameters described above, The organosilicate layer 304 has 
a dielectric constant less than 3.0, so as to prevent or 
minimize capacitive coupling between the metal interconnects 
to be formed in the damascene structure. The dielectric 
constant for the organosilicate layer 304 is tunable, in that 
it can be varied in the desired range as a function of the 
reaction temperature as well as the composition of the gas 
mixture during layer formation. 
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The thickness of the organosilicate layer 304 is 
variable depending on the specific stage or processing. 
Typically, the organosilicate layer 304 has a thickness of 
about 2 00 A to about 1000 A, depending on its dielectric 
constant as well as its etch selectivity with respect to an 
overlying dielectric material subsequently formed thereon 
(e. g., the barrier layer preferably has an etch selectivity 
with respect to the overlying dielectric layer that is 
greater than about 10:1). 

Referring to FIG. 4b, the organosilicate 
layer 3 04 is patterned and etched to define contact/via 
openings 306 and tc expose the first dielectric layer 302, in 
areas where the contacts /vias are to be formed. The 
contact /via openings 306 are positioned over the conductive 
leads 301. 

The organosilicate layer 304 may be patterned using 
conventional lithography process. For example, in a 
conventional lithography process, a layer of energy sensitive 
resist material {not shown) is formed on the organosilicate 
layer 304. 'She layer of energy sensitive resist material can 
be spin coated on the substrate to a thictaiess within a range 
of about 4000 A to about 10,000 A. Most energy sensitive 
resist materials are sensitive to ultraviolet <UV) radiation 
having a wavelength less than about 450 ran (nanometers). 
Deep ultraviolet (DUV) resist materials are sensitive to UV 
radiation having wavelengths less than about 245 nm. 

An image of a pattern is introduced into the layer of 
energy sensitive resist material by exposing such energy 
sensitive resist material to UV radiation via a mask (not 
shown) . The image of the pattern introduced in the layer of 
the energy sensitive resist material is developed in an 
appropriate developer to define the pattern therethrough. 
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Thereafter referring to Fig. 4b, the pattern defined in the 
energy sensitive resist material is transferred through the 
organosilicate layer 304. 

The pattern is transferred through the organosilicate 
layer 304 using the energy sensitive resist material {not 
shown) as- a mask. The pattern is transferred through the 
organosilicate layer 304 using an appropriate chemical 
etchant. For example/ carbon tetra fluoride (CF 4 ) fluoroe thane 
{CsF*) , and fluorobutene (C<F B ) may be used to chemically etch 
the organosilicate layer 304. 

After the organosilicate layer 304 is patterned, a 
second dielectric layer 308 is deposited over the 
organosilicate layer 304, as shown in Fig. dc. The second 
dielectric layer 308 may be an oxide (e. g. , silicon dioxide, 
f luorosilicate glass). The second dielectric layer 308 has a 
thickness of about 1,000 A to about 10 , 000 A, depending on 
the size of the structure to be fabricated. 

The second dielectric layer 308 is then patterned to 
define interconnects 310, as illustrated in FIG. 4d, 
preferably using conventional lithography processes as 
described above. The interconnects 310 formed in the second 
dielectric layer 308 are positioned over the contact/via 
openings 306 in the organosilicate layer 304. Thereafter, 
both the interconnects 310 and contacts/vias 306 are etched 
to expose the surface of the conductive leads 301, using 
reactive ion etching or other anisotropic etching techniques. 

Referring to FIG. 4e, the interconnects 310 and 
contacts/vias 306 are filled with a conductive 
material 3 Id such as aluminum, copper, tungsten, or 
combinations thereof. Typically, copper is used to fill the 
interconnects 310 and contacts/vias 306 due to its low 
resistivity (resistivity about 1.7 jiQ-cm) . The conductive 
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material 314 is deposited using chemical vapor deposition, 
physical vapor deposition, electroplating, or combinations 
thereof, to form the damascene structure. Preferably, a 
barrier layer 312 such as tantalum, tantalum nitride, or 
other suitable barrier material is first deposited 
conformably on the sidewalls of the interconnects 310 and 
contacts/vias 306 to prevent metal migration into the 
surrounding dielectric layers 302, 308 as well as the 
organosilicate layer 304. 

Although several preferred embodiments, which 
incorporate the teachings of the present invention, have been 
shown and described in detail, those skilled in the art can 
readily devise many other varied embodiments that still 
incorporate these teachings. 

4 Brief Description ef Drawings 

The teachings of the present invention can be readily 
understood by considering the following detailed description 
in conjunction with the accompanying drawings, in which: 

FIG, 1 depicts a schematic illustration of an apparatus 
that can be used for the practice of embodiments described 
herein; 

FIG. 2 depicts a schematic cross-sectional view of a 
chemical vapor deposition (CVT>] chamber; 

FIGS. 3a-3b depict schematic cross-sectional views of a 
substrate at different stages of integrated circuit 
fabrication incorporating an organosilicate layer as an 
intermetal dielectric layer; and 

FIGS. 4a-4e depict schematic cross-sectional views of a 
damascene structure at different stages of integrated circuit 
fabrication incorporating an organosilicate layer in such 
structure. 




FIG. I 





1 Abstract 

A method of forming an organosilicate layer is 
disclosed. The organosilicate layer is formed by applying an 
electric field to a gaa mixture comprising an organosilane 
compound and an oxygen- containing gas. The organosilicate 
layer is compatible with integrated circuit fabrication 
processes. In one integrated circuit fabrication process, the 
organosilicate layer is used as an intermetal dielectric 
layer. In another integrated circuit fabrication process, the 
organosilicate layer is incorporated into a damascene 
structure. 



2 Re pr escitithc Drawing 



